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1.0 * OBJECTIVES, GROUND RULES AND SCOFE OF STUDY

Communication channels between spacecraft‘and the earth have in
>the past performed adequately with acceptable data rates and for the number of
spacecraft reqdiring support. This study was undertaken to investigate situa-
tions in the 1975-1985 time period when larger data rates will be required and
the number of spacecraft requiring communication channels will be increased.
The stated objectives of the study were: (a) to determine the feasibility and
capability of concepts for deep-space communications employing single earth

- satellites, (b) to pefform parametric analyses to indicate the more promising
integrated system concepts, and (c) to expose technical problem areas and to
indicate how sucﬂ problem areas can influence the choice and performance of

candidate systems.

Given and evolved study ground rules were:

1. Orbit a single earth satellite as opposed to multiple synchro-
nous satellites for communications relay between earth and a
variety of planetary spacecraft.

2. Each satellite will be assigned full time to each spacecraft.

3. Operational time period - mid 70's to mid 80's.

4, Operational lifetime - comparable to spacecraft mission dura-
tion (maximum of 3 years).

5. Select satellite earth orbits to provide continuous line of
sight between the satellite and spacecraft using orbit pre-
cession and no active plane changing.

6. Consider launch vehicle capabilities from the eastern test
range and the western test range.

T. Launch vehicles considered: Saturn—IB/Centaur, Saturn-IB
and Titan IIIC. ‘

8. Frequencies of interest - 2 to 100 gigahertz
9. Satellite antenna gain - 60 to 80 db-

10. Command power - minimum of 10 kW radiated.

SGC 920FR-1 ,
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The 9-month study resulted in a parametric analysis of deep
space monitor communication systems consisting of a single earth satellite and
associated interplanetary spacecraft. The accomplishment of the study objec-
tives required parametric analyses involving considerations of frequency, band-
width, radiated power, data rate, antenna size, weight and volume, and orbit
inclination and altitudé. Evaluation of support requirements were also neces-
sary as were antenna fabrication and deployment, equipmedt modules, attitude
control, power soufces, micrometeoroid dust and radiation shielding, launch
‘vehicles and site selection, and logistics and resupply. Considerations were
given to system integfation and tradeoffs as required to monitor both manned

and unmanned spacgcraft for planetary missions.

SGC 920FR-1
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2.0 TECHNICAL APPROACH/STUDY PLAN

A flow diagram of the study plan is shown in Figure 2-1. Eight
primary work areas are noted in the diagram with a chronological flow from left
to right. Mission analysis was defined as the area deriving available launch
vehicle payload capabilities and selection of appropriate launch vehicles. The
difference in launch Vehicle payload capabilities for the eastern and western
tests ranges were also noted here. Orbit selection was Investigated under
Mission Analysis and included the line of sight to spacecraft trajectory anal-
ysis and the considerations of the selected orbit altitudes thus derived to or-
bital environment conditions.z The line of sight to spacecraft trajectory anal-
ysis was one of the many unique and important problems of the study. Orbits
were required which would éssure continuous line of sight from the satellite to
the spacecraft for a variety‘of missions in order to establish feasibility of
the DSMCS concept.

The Mission Analyéis material was then fed into three other work
areas as noted in the figure. These areas were initially investigated separately.
After substantial work was completed in these areas they were studied together
and iterated. The Available Satellite Discipline Performance area consisted
of a compilation of state of the art and a prediction of advances in state of
the art into the Deep Space Monitor Communication Satellite (DSMCS) time period
for all the required technological disciplines. The Satellite Discipline Re-
quirements area presented desirable requirements for the DSMCS disciplines as
dictated by the initial concept. Primary satellite technical discipline areas
included: communications, power, attitude control, and enviromment control.
Through the course of the study the desirable requirements were iterated with
predictions of advances in discipline state of the art and tradeoff adjustments
made . Satellite/Spacecraft Interface Considerations were also considered to a
secondary degree and their influences were used for additional tradeoffs in the

available discipline performance/diséipline requirements iterative loop.

The 1iterative results of the last three work areas were fed into
the Satellite Discipline Design Interface and the Satellite Conceptual Design
areas. Prior to firming up the satellite conceptual designs, the interrela-

tions of all satellite disciplines were investigated. Nine representative

SGC 920FR-1 .
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conceptual designs were presented with four preferred configurations. In retro- -

spect, the Degree of Program Feasibility was discussed and Technological Problem
Areas noted. ' ) '

SGC 920FR-1
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3.0 STUDY MILESTONES

At the beginning of the study a good portion of the technological

and operational obstacies were easily recognizable. As the study progressed

and more mature understanding developed, additional obstacles became apparent.

Some of the hardware related milestones,while understood for study purposes, re-

quired capabilities beyohd their present state of the art and are noted later

as technological problem areas. Study obstacles requiring understanding to a

degree that the study could not progress properly without & firm fix on them

were termed milestones. A list‘of the milestones encountered follows:

SGC 920FR-1
Volume II

Line of sight to spacecraft through non-occulting orbit
selection. :

Enviromﬁent limited cooled amplifiers either parametric

. Or maser.

Closed loop cryogenics for amplifier céoling
2-100 gigahertz cryogenic amplifiers

2-100 gigahertz efficient transmitters

High power transmitter thermal control
Antenna electrical and mechanical design
Antenna electrical to mechanical relationships
Antenna thermodynamic analysis

Manufacturing and deployment characteristics for
one piece, petal, and inflatable antennas

Feed position erection and operation tolerance
Extrapolating nuclear power system technology
Nuclear power system thermal control

Establishing solar panel power system interface with attitude
control system requirements

Establishing attitude control system performance related
disturbance torques

Attaining required attitude control system for the required
pointing accuracy

Page 6



k.o BASIC COMMUNICATION SYSTEM RELATIONSHIPS

The functional design of the DSMCS is bounded by the limitations
of the communication system components as well as the components of auxiliary
peripherai systems. A tentative system configuration is formulated here which
meets the DSMCS mission requirements and is compatible with the probable char-
acteristics of connectihg systems. The communication system design configura-
tioﬁ, although it is not optimum in any particular sense does demonstrate total
feasibility, expose criﬁical areas and indicates alternative approaches. The
intention here is not oniy to show how it can be done but what is the rationale
leading to the recommended design. The description of the proposed communica-
tion system configuration is preceded by an itemization of the objectives and
assumptions of fhe design. The operations including track, calibrate and acQuire
are consideréd including detailed itemization of the key equipment characteris-
. ties including reliability.

4.1 ' GOALS AND CONSTRAINTS

The primary goal of the DSMCS is to monitor spacecraft operating
in deep space. The receiver monitoring the spacecraft must be as sensitive as
practically possible in order to conserve spacecraft energy expended pesr bit
of information transferred. Implicit in a maximum bit rate transfer Per energy
expended criteria is a need for a high gain antenna which tracks the spacecraft
continuougly and a coherent receiver. DSMCS or some combination of DSMCS and
an earth-bound receiver and processor must be capable of extracting doppler in-
formation for spacecraft trajectory computation. The beam position relative
to a known coordinate system 1s also necessary for accurate trajectory tracking.
The long mission times suggest the need for a ranging capability in the receiver
in order to compensate for the large tracking errors that build up due to oscil-
latorvdrift. Another DSMCS goal is a command capability. The spacecraft com-
mand, of course, would be formulated at a ground station and relayed to the

haYalYiatal
LDMUD . R
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The general policy at each functional level was that of minimizing
operating complexity within DSMCS. This is by no means_éasy since there are
numerous control loops whose characteristics are adaptable to specific situa-
tions which must be locked quickly in the proper order and kept tracking the
received signal. It will be seen that limiting the complexity reduces system
weight and-more importantly increases system reliability. In the direction of
fedﬁcing development time and enhancing reliability, where possible, the tech-
niques and system éomponents used are those which have been utilized on the un-
manned space network and which wi;l soon be implemented in the manned Apollo
communication network. The one constraint on the down-link or DSMCS to earth-
bound station channel is thaf it be compatible with the ground instrumentation -
of the unified S-band system. Although many of the 30-foot dishes of the manned
spgceflight network would be available in the late 70's, it appears to be an un-
necessanf complexity to cbntinuously transfer deep spacecraft receptions in real
. time to the ground. This will be particularly true for missions in the late
-70's and 80's, where the transmission times will be great and the bit rates
relatively low. For this reason, it was assumed that once the DSMCS antenna is
oriented and tracking the spacecraft, the monitored information will be stored
and returned to the ground station at a higher rate periodically. A single

polar ground station would suffice for most DSMCS orbits.

k2 SYSTEM DESIGN

In order to reduce the communication system complexity, increase
flexibility and to improve relisbility, it is necessary that as many control
functions as possible be located on the ground. The majority of the controls
) entail’adjusting loop oscillators, sweep rates and/or loop characteristics for
minimum'acquisition time and 1mproving general performance. These controls are
best ad justed by large capacity data processing units which are capable of
holding and utilizing the various system interface functional relationships

and story necesgsary for true optimum control. Thus; whenever possible

receiver loops should be terminated at the ground station where large computers

are available. A ground control processor has the additional advantage of almost

SGC 920FR-1
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unlimited flexibility to adspt to unexpected‘situations. Figure 4.2-% shows a
block diagram of the DSMCS communication system where five looﬁs are closed in
the satellite. These closures are considered unavoidable in order to effectively
meet DSMCS goals. An additional rf loop and both antenna tracking axes loops,
and a range stream loop are closed at the ground station in either delayed or
real time. When necessary, the deep space information is recorded for burst

mode transfer by a unified S-band channel to the ground.

‘A detailed description of the system will begin with the trans-

mitter group at the top of the diagram. A very stable frequency standard sup-
" plies the frequency reference for appropriate multiplication and division in

the transmitter synthesizer. The synthesizer . VCD (voltage control oscillator)
is logked to either the reference or a programmed acquisition voltage. The VCO
ohtput when locked must be of higﬂ spectral purity in order that useful doppler
measurements might be made through the spacecraft loop. The VCO ocutput is multi-
Plied up to the transmit frequency and modulated by the spacecraft commands and
range code. The range stream, if implemented, will be infrequently used if a
sufficiently stable frequency standard is used since doppler tracking can fill
in between ranging fixes. Following modulation, the signal is filtered and
amplified for transmission. The amplified signal may be directed to either a
smaller acquisition antenna or the tracking antenna or a load for test purposes.
A diplexer would precede signal transmission if real time coherent doppler
tracking is incorporated. A polarization control block has been included al-
though it may be necessary for most missions. Three-axes stabilization will
undoubtedly be maintained at the spacecraft and DSMCS, and therefore the only
reason for polarization control would be to discriminate between two channels
of data in orthogonal planes. The antenna feed must also provide error signals

for tracking in the orthogonal planes.

The received deep space sum channel signal comes from either the
main tracking or acquisition antenna diplexer into the antenna selector. The
receive selector also connects the receiver togcontrolled absolute power levels
for sensing low noise amplifier performance. The cryogenic amplifier raises the

signal and noise sufficiently high so that the noise of subsequent stages will

SGC 920FR-1
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not affect the signal-to-noise ratio. The amplified signal is then divided
and mixed at two separate points. One mixer utilizes an inccherent local
oscillator derived from the receiver synthesizer. The desired mixer products
are amplified and then multiplexed into a convenient format for transmission
or storage and eventual transmission to the ground station over a unified S-
band communication link. A sample of the receiver synthesizer is also stored
coincidentally with the data and transmitted via the S-band link so that dop-
pler tracking of the deep space signal may be achieved at the ground processor
in spite of storage medium distortions. The other cryogenic amplifier output
is mixed with a cohefent oscillator. The coherent oscillator permits extrac-
tion of the phase and ampliﬁude of the carrier in order to establish an AGC
voltage and error signal.in the antenna tracking channel. The sweep and phase
control of the VCO and the loop characteristics will be either commanded from
the‘grdund station or controlled by a DSMCS internal program with certain pro-
gram constraints commanded from the ground station. The If carrier loop which
is closed at the ground station is not intended to be a back-up for the DSMCS
rf loop. The ground station loop will be controlled in real time or by a large
capacity data processor and thus more useful data from the deep space transmis-
sions as well as general DSMCS systems diagnostics can be more efficiently
extracted. The DSMCS If loop is intended as a convenient method of obtaining
an AGC voltage error signels from low data rate telemetry. Another method of
deriving AGC and angular error signals at the expense of carrier power is to
increase ﬂhe carrier power and modulate the spacecraft data in such a fashion
that a large span exists between the lowest information spectrum and the car-
rier. By this method & simple amplitude detector could be used to control the
AGC and angular error channel. The angular error signals which describe the
position of the DSMCS beam relative to the spacecraft are digitized and com-
mutated with other low data rate signals within the DSMCS system. The large
dish antenna signals are utilized at DSMCS for attitude control error correc-
tion. The DSMCS frame orientation relative to the celestial sphere is derived
from a star tracker. The orientation of the ahtenna beam relative to the DSMCS
frame will be set before launch or will be calculated in flight. In addition
to spacecraft angular error data and star tracker data, the range code and

range correlation signal is provided to the digital commutator.

SGC 920FR-1
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- The DSMCS to ground transmission can be tailored to whatever for-
mat .exists for unified S-band communications at the time of DSMCS launch with
the usual telemetry spectrum replaced by the high date rate deep space informa-
tion and DSMCS monitor signals. Recorded deep space data is taken from storage
at approximately 20 times the record rate. The transmitter power is less than
5 watts for a 200 kilobit per second rate with an omnidirectional antenna on the
satellite and a 30 foot diameter unified S-band antenna and receiver on the-.
ground. The usual spacecraft closed loop tracking receiver must be implemented
at the satellite so that the DSMCS location accuracy errors are sufficiently

small so as not to affect the spacecraft tracking.

4.3 OPERATION

After having reviewed the general functional operation of the DSMCS
communication system, a closer look at specific operations performed by the sys-
tem and the critical components necessary to perform these operations is in order.
Normal tracking operations will be reviewed first followed by calibration and ac-
quisition operations. Qualitative evaluation of accuracy and stability of im-
portant measures are not possible until more specific details regarding operating
parameters have been determined. Much useful system design, however, can be ac-

complished without this data.

L.4 NORMAL MODE

In a normal mode of operation the DSMCS aperture will track the
spacecraft continuously. Not only must the receiving aperture be oriented
toward the spacecraft but the orbit of the DSMCS must precess in order that the
earth or lower atmosphere will not degrade the spacecraft signal transmission.
The appropriate turning rate necessary to compensate for the difference between
the spacecraft line of sight vector and the DSMCS orbit normal vector is at most,
less than .6 deg/day. The required angular rate necessary to follow the space-

craft during each individual orbit.is a function of the range and beamwidth of
the

3 - —_ - <2 o — - - | P P 1
ntenna. If the small ion antenna is 0o less than one-teninh Lhe

diameter of the large antenna it would be used to track over the first 104 of
the mission range. And if it can be assumed, the shortest maximum range of a
deep space mission is 1.25 AU, then .125 AU would be the shortest tracking range
for the large aperture. Figure L.L-1 shows the diameter of the aperture as a

SGC 920FR-1
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function of operating frequency necessary to achieve the j;decibel antenna
beamwidth which would include the deep space spacecraft over the whole DSMCS
orbit without correction; The angular beamwidth in aperture diameter in
wavelengths is also shown. The line corresponding to .125 AU 1s the nominal
state-of-the-art for solid parabolic reflector antennas in the study frequency
range. Because of the similarity of the antenna state-of-the-art and the
tracking limits, the antenna design upper limit will be 1.5 x lO3 wavelengths
and, therefore, tracking around the DSMCS orbit will not be necessary.

Not only must the DSMCS aperture be directed toward the space-
craft but its position must be known with respect to some reference system.
The celestial tra;ker block forms a reference frame. The stability of this
platform should be an order of magnitude better than the tracking antenna
beamwidth. The angle cosines between the celestial platform and the attitude
controlled tracking dish will be transmitted to the ground station for tra-
Jectory computations. The plots for.0625 and.125 AU of Figure 4.4-1 repre-
seht an upper limit of antenna beamwidth. The proposed Orbiting Astronomical
Observatory celestial tracker maintains a .016° stability and therefore would
be marginal for the .125 AU systém and adequate with a factor of 4 improve-
ment. The Orbiting Astronomical Observatory tracker is selected here to demon-
strate the feasibility of this particular component and is not specifically
recommended for this use. The mean time between failure of this particular
platform is sufficient for DSMCS reliability goals. The error signals nec-
essary to drive thé large antenna may be generated by physically moving the
beam or by the use of a monopole feed system. The beam motion, although it
cbuld be implemented by a moving feed is quite difficult because of reliability
considerations. The feed system for an antenna is not easily interchangeable
with a redundant unit and thus its reliability must be extremely high. A
double monopole feed system intended to generate error signals causes a
reduction in system sensitivity due to the insertion loss of the feed (.3
decibels). This represents approximately 20 degrees Kelvin noise.temperature
contribution for a 3000K thermometric temperature feed. In a normal mode the
error signals are derived from the carrier and transmitted to the attitude

control system in real time and to the ground processor in delayed time. The

SGC 920FR-1 : :
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antenna tracking loop is closed at the DSMCS in order to provide qﬁick response -
to environmental perturbations. The antenna loop is monitored at the ground to

provide optimum control of the satellite antenna control loop characteristics.

Even if an rf ranging capability is implemented, a doppler track-
ing requirement will be uecessary to resolve range within each range Bit and
as a backup for the wideband range. In order to achieve accurate doppler
tracking, a very stable frequency standard must be provided. If it were not
for the data storage arrangement, a time standard might be placed at the ground
processor. A distortion induced on the stored data by the tape drive, which is
locked to the frequency standard to reduce the very low frequency distortionms,
requires that a very stable timing pulse be recorded with the data. As indicated
earlier thne frequency standard provides a time base for the transmitter syn- '
thesizer and receiver synthesizer. In order to achieve the best doppler accuracy
that is possible with present day phase lock-loops, a stability comparable to that
of rubidium is necessary. Operational unmanned, and the in development manned,
S-band doppler systems use a rubidium standard. The stability of two parts in
lOll from one second to twenty minutes produce velocity accuracies from .05 meter
per second to .003 meter per second for closed loop operation. The accuracy is
based on smoothing periods of one minute to five hours. The extrapolation of
this technology from the existing ground systems to DSMCS is not as hazardous
as it might appear since the break in the dopbler loop represented by the DSMCS
recorder is nearly identical to the break in the unmanned ground space network
doppler loops wnere the transmit station with a frequency standard is not the
same as the received station. In this case, microwave links transmit the data or
carrier for conerent demodulation. Although the acquisition problems are diffi-
cult, the design of the transmitter, phase-lock loop and synthesizer is within
the state-of-the-art. The frequency standard design is developmental. Prior
to the discovery of the Mossbauer effect several models of lOll stability clocks
for space flight were being developea. At the time of the discovery one of the

. - P T . s, Ty
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20 . A much smaller clock made of hignhly sfgble quartz crystal with a 10
stability per day on a long-term basis has been developed for a geophysical
satellite. Both of these efforts indicate that a flight model of 10ll short-term
stability oscillator could be available for DSMCS. | V

7
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It will be shown in the ﬁhermal control section that energy and
command power limits of the DSMCS preclude continuous two-way doppler tracking.
The 5 minute per hour command signal prevents DSMCS from closed loop tracking
for any mission greater than .3 AU from the earth due to transmission time alone.
Although one-way tracking is not as accuréte, a clock similar to that recommended
for DSMCS at the spacecraft would permit accuracies approaching that of two-way
systems. An alternate approach would include & less sophisticated clock at the
spacecraft which would accept an ultra stable carrier from DSMCS for generation
of oscillation draft corrections. A third method would include a periodic command
carrier sent from a ground based system which includes very stable carrier and
which is then tracked through the spacecraft by DSMCS.

During the normal mode of operation, the receive spacecraft tele-

.metry will be periodically transmitted to the ground processing unit. Since the

total transient time and the reaction time for most deep space missions is com-
parable to the orbit period, a recorder playback once per'orbit is probably
sufficient. The number and location of stations necessary to permit playback
only once per orbit is a function of the DSMCS orbit inclination and altitude
and the ground antenna receive sector. Figure L.14-2 shows the orbit of a

o e o e
0" inclination. The inside circle near the North Pole repre-

50
3
o

satellite with an
sents coverage of a receive station at Fairbanks, Alaska, for a minimum 10° eleva-
tion angle and a 1,000 kilometer orbital altitude. It can be seen that for this
nominal configuration 10 of 14 orbits can be seen from 5 to 10 minutes at the
station (10o elevation, horizon to zenith time is 7.3 minutes). A station located
in Northern Europe could pick up the remaining orbits. The thirty-foot dish and
receivers planned for the unified S-band system are more than sufficiently

sensitive for the DSMCS to ground communication link with a low power transmitter.

" Once a connection has been established between the ground stations and a large-

capacity data processor, the use of that ground station or stations could be

time shared with other DSMCS type systems.

The spacecraft to DSMCS communication link and the ground té DSMCS
communication link each require a storage medium for receive information. The
ground station to DSMCS link storage would retain commands for the DSMCS and
the spacecraft being tracked for eventual command of spacecraft at the appropriate
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time. The capacity requirements of this storage medium are modest but the
access time must be short. Thus, a solid state memory with the additional high
reliability would be in order here. A typical example is the Orbiting Astro-
nomical Observatory memory which includes a small 200-kilobit magnetic core
memory. The storage medium for the spaceéraft telemetry will by necessity be
magnetic tape assuming no large advances in the present technology of storage
mediums. The recorder here 1s nothing more than a sequential copy machine of

a8 large capacity with no access requirements. DSMCS diagnostic data for evalua-
tion of its performance and spacecraft telemetry data will be multiplexed with
the spacecraft telemetry data. The required capacity of the recorder lies be-
tween T x 106 bits and 1.4 x 108 bits. The extremes are represented by a

1lx lO5 cycles per second spacecraft channel rate and a single orbit retention
and 10 x lO3 cycles per second spacecraft channel rate with a two-orbit reten-
tion. Endless loop recorders have been operated under similar environment re-
quirements as that of the DSMCS at either end of the storage capacity spectrum.
The Mars Mariner recorder at a 5 x 106 bit capacity was on 300 feet of magnetic
tape and the Nimbus recorder is capable of storing lOTbitsonIEOOféet of magne-
tic tape. In the case of the Mariner recorder the reliability of the total sys-
tem was not significantly increased by the recorder alone. The Nimbus recorder
did have a redundant unit in order to improve reliability. The need for a re-
dundant recorder or any other critical DSMCS.component will largely be dictated
by subjective criteria on the importance of certain system functions and also

on the availability of particular units.

The DSMCS to ground link will be compatible with the unified
S-band system. A normal mode channel from the ground to the DSMCS will in-
clude the commands for the DSMCS and spacecraft. The down channel will include
the spacecraft telemetry and DSMCS diagnostics in addition to verification of
commands transmitted and their execution. In order to obtain meaningful space=-
craft doppler and range data, the S-band link includes an rf loop and a range
loop. The present two way doppler and range accuracy of approximately .003

.meter per second and + 15 meters respectively can be achieved with little power

and are sufficient for extraction of the spacecraft doppler and range. The

SGC 920FR-1
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spacecraft rf and range loop will be established at the ground station by
initially taking out the doppler induced by the S-band link followed by =a
demodulation of a local oscillator wnich should be in synchronism with the
periodic pulse trains telemetered with the spacecfaft data from the DSMCS
stable oscillator. The acquisition time of the unified S-band link is less

than 1 minute for an established near earth orbit.

4.5 CALIBRATION

A considerable number of tests must be performed on a spacecraft
monitor station located dn the earth before it will accurately track a space-
craft. The calibration test for a DSMCS in orbit.is, of course, more difficult.
Among the calibration tests_necessaryareﬁthe”usual- subsystem combonent tests
of each unit ultimately leading to>a test of the entire system. Of particular
importance for the DSMCS calibration is the antenna performance test following
deployment or simply orientation. A boresight error and gain must be established.
It is not clear that an inflatable or rigid antenna will serve as the tracking
antenna. This will be determined in the system optimization. In either case
the unified S-band link will be established first to aid in estimating the
DSMCS trajectory. Second, having determined the trajectory, the remaining com-
ponents of the DSMCS will be tested and calibrated according to the command
message given when the DSMCS passes over a ground station. The components will
be checked out successively beginning with checks on the cryogenic amplifier
sensitivity and command storage and logic. It will be assumed that a smaller
acquisition dish, which is rigid, be available with known antenna character-
istics. The other components will be tested through the simple horn antenna
at the normal system frequency preferably to a ground station. By this method
the transmitter and frequency standard may be checked for stability by compari-
son with the unified S-band 1link. Similarly, the bias and distortion induced
by both telemetry recorders is determined by comparison to the rf phase-lock
tbeystems, evaluation of the antenna
is accomplished. The acquisition antenna boresight bias, with respect to the
stabilized platform, can be obtained by tracking selected sources near the eclip-
tic such as the planet Venus or Mars. The primary antenna will then be

deployed if it is not already. Experience with the particular material of which

SGC 920FR-1
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the antenna is composed will dictate tne level of calibration necessary. However,
it 1; probable that antenna patterns will have to be taken. The sun is too large
in angular width for pattern determination, and the planets are not strong

enough to permit an accurate determination of sidelobe characteristics. A strong
ground transmitter could be used to make the pattern cuts. Cuts in both planes
with both sum and error channels would be processéd on the ground to generate

bias errors and pattern functions, in order that the antenna servo loop character-
isties may be controlled in an optimum fashion. A final éheck of the total system
would be in tracking and ranging on a spacecraft while simultaneously tracking
with a ground system. A weight penalty of two transmit frequencies on such a
spacecraft would not be great if the DSMCS frequency were selected as a multiple
of the unified S-band signal so that most components could serve dual duty.

v

L.6 ACQUISITION

The greater operational uncertainty in placing most loop control
points at the ground station near the large data processors occurs during acqui-
sition. It is very improbable that the acquisitior by the DSMCS of a spacecraft
could be accomplished during a single pass over one ground station. Thus, ac-
quisition would require several orbits to complete and verify each step of the

acquisiti not too significant a penalty considering that ac-

ct
’_.l
O
]
Lol
L3}
O
(¢}
[¢+]
o
[ 7]
.
3
[3
1
' Jdy
n
'_-l
[9)]

quisition should only be necessary once for every spacecraft mission track. At
the outset of acquisition it is assumed that: the DSMCS has been calibrated, the
DSMCS orbit has been accurately established, and the S-band link has been refined
to the level that the affect of the DSMCS to earth range rate can be efficiently
eliminated and that the DSMCS stable oscillator pulse train can be effectively -
stripped from the unified S-band telemetry so that time distortions due to the
magnetic storage medium are eliminated. Also it will be assumed that command
power during initial acquisitions is radiated froma ground station because of

the DSMCS average power limit. Acquisitions from DSMCS command would take

much longer.

The acquisition procedure for the short range portion of the space--
craft flight using the acquisition antenna would be essentially the same as that

of the long-range section using the long-range dish if it is necessary. In both
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instances the initial spacecraft illumination by the ground station i1s achieved

by directing the ground aperture and the DSMCS aperture towards the spacecraft
trajectory predicted by earlier tracking instruments. The transmit oscillator

is swept periodically during this illumination so.that the carrier will definitely
fall within the spacecraft loop bandwidth. Once spacecraft lock is achieved the
spacecraft transmitter responds coherently, a fixed frequency offset from the
receive carrier. The DSMCS will then recdrd the received energy for retransmission
to the ground processors along with the transmitter oscillator record. The

ground processor recognizes rf lock in delayed time when the local phase-lock

loop sweeps in synchronism with the transmitter oscillator including bias errors

such as transmission time.

Once rf lock is verified the ground oscillator is programmed to
slowly reduce the sweep rate and width and move toward a convenient operating
_frequency. This frequency is selected sb that the doppler count at the pro-
cessor remains within the rangé of the counters available. If a noncoherent
demodulation is implemented for the AGC and antenna error signals at DSMCS, this
frequency offset could be very critical. The program oscillator is tracked at
the ground station back through the spacecraft until a stable point is reached.
A range check is then made by initiating the basic range clock modulation. Some
doubt exists as to whether or not any significant improvement in reliability or
flexibility can be achieved by putting the range code generator at the ground o
station. Ranging would be accomplished at the ground at the expense of increased
acquisition time. The spacecraft transponder would repeat the range modulation
until the range loop locked onto the clock bit which would produce a range
ambiguity once every clock bit. By successive additions of suitable components
of the range code, the ambiguities would be eliminated. Following a complete
range lock, the local range stream is periodically shifted to maintain correia—
tion. The shifting rate is recorded periodically for velocity tracking. After
acquisition is complete, range codes from DSMCS are limited by the 5 minute
command period or a .6 AU range ambiguity. The last stcp in the acquisition e
cedure is correcting the antenna boresight.  The error signals are filtered and
evaluated aloﬁg with the spacecraft trajectory and antenna servo loop dynamics

to produce appropriate control signals for the servo system.

SGC 920FR-1
Volume II ‘ Page 18




Deep Space Polarization Dipi
Antemna Peed Control 5
AR
L oAl ant. & Teat Receiver Mixar Mange Streem Receiver
Belectar ki | Preaaditerer Generatar To A-D_|Systhasizer
Cont FBIY Conv., &
MJ load Comtrol Comm,
1
Proanp ll Proeamp & AGC Detector| Pange Stresaa
—
Mixer [ Wizer & PMlter Correlator
° f
Phase
Onclllatar L Detector VvCo &
&
tipliers . —_Jwutiplier
Tootroll Filter Comtrol
Leni X Plane Filter| | [of Narrov Band Diagnostics Analog to ‘
ey [y o} Mixer Filter & ALL Comteol i~ Diestal Digital
- Ant. Selectar | I~ erification Converter Cosmutator
Multiplexsr|
Y Plane Plliter Narrow Band Tracking Feed Tracking Feed
.AA;..__ At Belactor Fal e Loop Bi's Control Loop
>
I Befsrence Ant
mut:o?v:é:; Contre. C. -htor t _Pom I Resolvers }
Calestial Tracker I
8/C Telemetry I S Band DRITS~Earth
Storage ! wnitiplexer Pransaitter Diplexer -
Control
l/c Telemetry Comtrol paMCS & B/C Coherent Parametric
—  Roxage —-——] logic ¢ Transponder Amplifier
Comtrol

SGC 920FR-1
Volume IT

s a g b o

Figure L.2-1

oy Storage
Deep 3p:
# od TremtroL

. Communication System Block Diagram

Page 19



1000

100

e

CIFCULAR APERTURE DIAMETER = MEPERS .. .- .. 7 o
&‘4\"40\~I)m\oo ‘ - Co P

1 ]
1 _ 10 20 30 100
) : ) FREQUENCY - GIGAHERTZ

Figure L.4-1. Aperture - Upper Limit

SGC 920FR-1 | |




PPPPPP



. 5.0 - . . . DISCIPLINE TRADEOFF ANALYSIS - PERFORMANCE Vs WEIGHT/VOLUME
0. .77 WITH INTERFACE CONSTDERATIONS _ ,

s E'INTRODUCTION

';EThe prlmary goal of the tradeoff analysis is to establlsh a pre-

‘ ferred satelllte conflguration Secondary objectives are to p01nt out the

"'v-critlcal areas and to show how subsystem 1nterrelationsh1ps affect the total

“system performance. The goodness critéria for maximizing the total system

_fperformance is the channel capacity from the deep space spacecraft to the DSMCS.

A‘-fﬁ,The functlonal relatlonships which were taken from the many dlSClpllneS already

‘fxtﬁdiscussed and which lead to a preferred satellite configuration are included in

7fFigure 5 l l The conflguratlon evolved from a method similar to Figure 5.1-1.

'}'The actual method requlred con51derably more 1nterrelat10nsh1ps whlch are not

:j“};;shown.L If included they would only confuse the essential operations described
”'Y;gin the flgure These further relationships should become clear as the results

“are presented.

The ranges of the parameters considered in the tradeoff were re-
strlcted either by limits established by the customer or matters of practicality.
The frequency range was from 2 to 100 gigahertz. The payload mass and operating
| altitude were constrained by the capability of two boosters, Titan 3C, and Saturn
- 1B. The shroud diameter sizes 4.0 meters (13 feet) and 4.6 meters (15 feet)

'for the Titan and 6.1 meters (20 feet) for the Saturn represent the largest solid
. antenna sizes possible. The equipment state-of-the-art was extended to be com-
patible with the 1975 system design freeze although much of the equipment proposed

is available now.

The spacecraft terminal of a deep space communication link was
also‘considered in the computation of Figure 5.1-1. The most important assump-
tion regarding the spacecraft was that its antenna is area limited. TIn addition,

~ consideration was given to the spacecraft transmitter conversion efficiency.

- The goodness criteria for this study was the channel capacity from

'f;>the spacecraft to the DSMCS satellite. At least two other factors are just as

‘ important to achieve an effective satellite design, cost and reliability.
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-1‘This effort was restrlcted to bit rate since it 1s the first study phase and is
'uintended to 1nvest1gate technlcal feas1bility. Throughout the study, however, o
:{vboth cost and reliabillty were 1mplicitly con51dered. For example, in the state-
rﬂifof the- art equipment surveys the equipment speciflcations were generally extra-
15nf_polated into the future from available commercial equipment without demanding a
yflcostly new device or technique in order to achieve the predicted specifications.'
‘ -Also, the subsystems selected for incorporation into DSMCS exhibited reliabilities

in excess of one year at present or are anticipated to have reliabllities exceed-'

"“ing one year in the near future.

5.2 TRADEOFFS T
?1.;*_:, :f{ Before rev1ew1ng the conclus1ons resulting from the 1terat1ve pro-
h“fcedure described in Figure 5 l l, some 1nteresting subsystem relationships evolv-

f;,ing from the procedure will be dlscussed

5.2.i R ~ANTENNA

. Antenna gain as a function of mass and frequency are shown in Figure
5.2.1-1 and 5.2.1-2 for the antenna types, single solid paraboloid and petal

paraboloid. Theseiconfigurations were selected because they provide maximum gain

' - for the expected launch and orbital environment. The solid paraboloid is short

- of the thermal distortion gain limit for the Saturn 1B normal shroud size and

the top study frequency 100 gigahertz. The petal structure is manufacturing
limited before the shroud limit is reached for 100 gigahertz. By extrapolating

the manufacturing and deployment art, a gain limit at 100 gigahertz w1ll exist

. beyond the standard Saturn 1B shroud. However, the petal structure will be
“heavier than the solid for the same gain and diameter. It will be shown that the
- petal antenna is advisable for the Titan because of the shroud aspect. All the
, other antenna types studied with the exception of an array of solid paraboloids

-were found to provide much lower gain for the same operational environment. The

erray was not considered further because the improvement in gain over the solid
dish is small and the feed problems associated with a common low noise receiver

and transmitter are difficult at the higher Ifrequencies.
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_ o The tthKneSS of the single paraboloid and petal parab0101d
‘antenna was found to be 1ndependent of the antenna size for the usable diameter o
V“range. Invar, whlch is required because of thermal distortion difficulties,
‘-average thlckness w1ll be 4.0 and 5 5 millimeters for the solid and petal
7:‘antenna respectively The effectlveness of the antenna, as a radlation shield

. .can be seen in Figure 5 2 1-3 where the requlred shielding as a function of alti-v

. tude for 1 and 2 years is shown. The antenna mass is adequate for all but

_ proton effects at greater than 2 years and only above 1300 kilometers, for the
~ solid antenna and 1650 kilometers for the petal antenna. The additional proton
"shielding not provided by the antenna may be accompllshed by a local shield

. near the electronics where it is needed o S {,‘ﬂj~:[ ﬂ B -‘-1Qi.‘;'h132_"'

7;~5.é§2 o POWER SYSTEM

| R Initially, eight power profiles were recommended for the DSMCS
A l 5 kilowatt and a 7. 5 kllowatt continuous load weresuggested to represent
the general houseKeeping pover, ‘and max1mum cryogenic system plus housekeeping
power, respectively. Peak powers of 30 kilowatts and 100 kilowatts were sug-
gested for 5 minute/hour and 15 minute/day, for the purposes of command. Sub-
seduent study has indicated that the higher command power energy reduirements
are prohibitive as is the 30 kilowatt command power for periods greater than
5 minutes due to thermal control difficulties. The 7.5 kilowatt maximum con-
'tinuous locad is primarily due to the cryogenic refrigeration system which may
require up to 6 kilowatts power. This number is taken'from existent systems
of high reliability operating on the ground. Laboratory developments indicate;
that the refrigeration input power for space applications may be reduced to as
low as 500 watts by 1975' Hence, a large uncertainity exists as to the required
cryogenic refrigerator power consumption. On the basis of the preceding.
comments, profiles B and E (detailed in Volume III, Section h.2) were selected
‘to represent the most probable power profiles for the DSMCS. Profile B is a
worst case model where an inefficient cryogenic closed loop refrigerator and a
relatively high housekeeping load occurs. Profile E represents either an open
loop cryogenic system and high housekeeping power requirements or an efficient

closed loop refrigeration system and minimal housekeeping power requirements.
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o The energy requ1rements for proflle B or E may be met by elther an ‘
RTG or a solar cell “pover system. Stored chemlcal energy mass such as a fuel

‘jcell requlres over 10,000 kllograms in one year for proflle E. If the RTG and the

v ﬂ,solar cell power subsystems were compared strlctly on the basis of the mass of

‘E'::each system the solar cell system would be superlor by a ratio of 2:1. The mini--

7 mum altitude at which the. DSMCS may track the spacecraft is just below and in
”fthe lower‘radiation belts. The solar-cell power system output as a function of
" time and altitude is shown in Figure 5.2.2-1 and preofile B power level. In order

. to generate the power level demanded by the two profiles at the end of the DSMCS

'“; mission,'surplus solar cells must be added. The extra power available with these

'rcells would prov1de a safety margln for the earlier mission phases. The power

»:psupply battery is sized to utlllze this power rather than diss1pate 1t

o The comparlson of the two types of power systems is dlfflcult be- ’

’s:»cause of the complex interrelationships of solar cell deterloratlon, Operatlon

:altltude, thermal radlator sizes and also the moment of 1nert1a imbalance 1nduced

}“fby the solar panels. The total mass of the two types of systems w1ll be compared‘

as a function of the mission duration. Figure 5.2.2-2 shows the basic solar cell
"'power supply‘mass required in order that profile B power is available at the time
indicated on the abscissa. The RTG mass is shown for comparison. The RTG is

ot

-designed to dump =xcess heat generated by itself without additional thermal

u

radiators. Thermal energy generated by the electronic package and cryogenic refrig-
‘erator output will be radiated in the RTG system or through radiating panels for
'-rthe solar'éell power system. The required radiating panel weight as a function of
time for a 3000 Kelvin radiator is added to the basic power supply weight in Figure
5.2.2-2, As‘thezanels increase in size the ACS system mass increases rapidly.
Details regarding the ACS mass will be reviewed in another section. However,

.the ACS mass which is directly accountable to the increased moment of inertia

due to.the larger panels has also been added in the figure. A comparison of

RTG mass with the total solar cell—system mass indicates clearly that the

RTG mass is lower above 1,000 kilometers altitude for periods as short as

one year. A similar plot of the basic power syupply and componeri welghts charge-
able to the poewer supply for profile E is shown in Figure 5.2.2-3. Since the

panels are shorter in profile E, the ACS does not become a problem as quickly
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-'a§ in profile B; however, the cutoff point remains about the same. Above 1100

kilometers, the RIG is lighter than the solar cell system for greater than one

- year lifetimes.

The weight of the antenna may be traded with that of the trans-

- mitter power supply in fhe command mode or with the cryogenic'recéivér weight

;in the receive mode. In either éase the intent is to minimize the satellite

mass for a given performance level. At the shroud 1limit the solid paraboloid
antenna exhibits a gain slope of .25 db per 100 kilograms mass added to the

satéllite. Including transmitter conversion efficiency the improvement in power

'flevel for the same inérease in mass of the transmitter is less than 1/54that for _}y

-'the antenna. This is on the basis of a solar cell system at 750 kilometers alti-

tude operating for one year, which is the most optimistic case. Thué, for maxi-
mum command capability the system weight is best invested in the antenna structure.

Further, the primary DSMCS mission objective is to receive, which requires the

" maximum collecting aperture. Before a comparison may be made between the weight

of a receiver and associated cryogenic equipment and the antenna, a comparison"
of the effectiveness of a closed loop with an open loop cooling system is re-
quired. The probable receiver is a cooled maser amplifier followed by a de-
tector. Present maser amplifier noise temperatures and gain deteriorate very
rapidly above M.Eo Kelvin. Parametric amplifiers.are expected to operate con-

tinuously over a large temperature range down to liquid helium temperatures but

unfortunately work above 20 gigahertz is vefy new and uncertainty exists as to

whether they will ever operate effectively at 100 gigahertz. Thus, it must be
assumed that a 1/2 watt heat load at 4.2° Kelvin in present maser systems is

necessary for receiver operation.

A comparison of the various component masses necessary to supply
the 1/2 watt heat load at 4.2° Kelvin is included in Figure 5.2.2-4, The load may
be supplied by either a large Dewar or a closed cycle refrigeration system which,
of course, must be backed up by an energy source. A Dewar plot includes the
necessary helium Ior extractling heat by vaporizgticn, Deyar insulation sufficient
to reduce radiation loss to negligible levels and leak-off due to conduction

losses. The solar cell and RTG plots represent the mass required to supply the

“energy to a six kilowatt closed cycle refrigerator. Clearly, the Dewar mass
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"exceeds’that of the RTG and the solar cell system with one exception beyond

' 5;}fl/2 year. Only when the solar cell system is in the high radiation region at

.:2}1650 kilometers does its mass become greater than that of the Dewar. More

'”fefficient closed cycle systems represented by the 3 kllowatt RTG plot would

"ffisimply shorten.the time during which the open loop system is superior.

S523 A‘I‘I‘I’I‘UDE CONTROL SYSTEM
"~ The attltude control system was one of the most sensitive sate-

1‘lllte subsystems to the total DSMCS configuration. The stabiliZ1ng torques to

o ?icounteract magnetic field force, aerodynamic pressure force and solar pressure

'775sforce were found to be small compared to gravity gradient torque. The strong

' quconfiguration dependence is due to the very large moment of inertia caused by

A“ﬂfﬁthe deployed solar Panels. The ACS system for the 2 year, profile B RTG con-

‘”'figuratlon mass is 435 kilograms (956 1bs) at’750 kilometers, decreasing above 4;

'”'wthis point as the cube of the distance from the center of the earth and thus

- is quite reasonable. From what already has been discussed it should be clear
'Athat the area of the solar panel is a function of the power profile and the
dDSMCS mission duration and altitude. The smallest solar cell area is required
' for profile E, 750 kilometers altitude, and a one year mission duration. If
the panel assembly could be implemented to produce a 10 meter wide panel, this
.particular case would require’a panel 10 meters long also. This configuration -
’establishes a strong moment of inertia in two pianes. The moment in the plane
v ortnogonal to these two is an order of magnitude lower. Because the gravity
gradient torques are proportional to the difference in the moments‘of inertia
along orthogOnal axes, the ACS size to balance this relatively small solar
?anel is prohibitive for tne very high DSMCS stability requirements. The ACS
:required to counteract the gravity gradient torque may be substantially reduced
by balancing the moments of inertia along the three rectangular orthogonal
axes. By projecting a fixed mass such as the battery in a direction normal to
~the plane formed by the axes of the.larger moments of inertia, a low difference
‘in moments of inertia may be achievedt The deployed mass must be fixed in posi-
. tion relative 1o the center of mass in order to maintain the balance. All of
_the solar cell configuration designs employed this technique to achieve balance
and therefore reasonable ACS size. The length of the boom was ad justed to match

the moments and the available battery mass.
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The ACS mass for the balanced (equal moments of lnertia along each

'vtrectangular orthogonal axes) satellite is given for profiles B and E in Figures
;f5 2.3-1 and 5 2.3-2. The panel width was set at a rather optlmistic 10 meters
,JA double fold from either side of a 3.3 meter panel is a suggested method of de-
"ploying this array width. A narrower panel would raise the moment of inertia
?bvery rapidly s1nce it is proportional to the length of the array squared. For
. example, the B profile ACS's mass would nearly quadruple for a five meter wide.
':panel. The initial maneuver fuel is less than 54 of the first year 's consumption
‘on a 500 kilogram ACS. A redundant system is assumed for all the ACS masses’
."L'given. Separate_fuel‘containers and valve systems are incorporated to max1mize’
the ACS reliability Balanced ACS systems of more than 1,000 kilograms requlre
_féiboom lengths normal to the solar cell plane greater than 10 meters Booms be-
"5yond this length are possible, however, the deployment and thermal bending once
| ideployed become serious prdblems - The boom weight relative to the battery also'
':i-;becomes apprec1able in order to malntain the battery locatlon relatlve to the

" center of mass beyond 10 meters. Balance problems also oceur for the solar

panels because when the panels are rotated, balance is upset. One solution 1is
to rotate the boom and weight to.-maintain its relation normal to the solar cell
array but this is preferably avoided if at all possible. Another approach is to

permit the tracking'antenna to move with respect to the satellite. This requires

sensors and ACS on the antenna and to a lesser degree on the satellite.

>The‘position of the tracking antenna and the ACS system nozzles

. relative to the star tracker will vary due to the thermal and mechanical loads

on the structure. With careful design, & maximum alignment error of .050 is an-

. ticipated. This is comparable to the smallest beam width and thus would contri-

bute to trajectory calculation error and search time during initial acquisition.
With flight experience this error may be taken out by establishing tracking an-
tenna bias as a function of satellite altitude and orientation with respect to

the sun. . The bias may be evaluated periodically by tracking known radio sources

v Ll
il
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S 5.2.4 _ SPACECRAFT AFFECTS

_ Although deep space spacecraft have not been conflgured in detail
l'ffor post 197) missions, some generalizatlons can be made regardlng thelr charac-

'*teristics as a deep space communlcation terminal. An area limlted spacecraft

":fantenna is assumed here. The shroud size of the probable boosters needed for

: the spacecraft preclude gain limlt antennas as long as the proper materials and
f antenna types are implemented. Solid surface antenras such as suggested by
DSMCS would be used. The frequency dependence of an aperture limited antenna

'Aat both termlnals using the expected conversion eff1c1encies of a 100 watt plus

“,;transmitter is ‘shown in Figure 5.2. 4-1. The expected transmltter efflciency for

~the 1975 era is seen to be high. A spacecraft ACS will, of course, be a serious

. problem if the antenna Slze and opera'tlng frequency' push 'the gain tO 60 dECibQIS-

1”{*The spacecraft ACS mass is not comparable to that of the DSMCS since the dom-
.inant force fields near the earth are negligible in interplanetary media. A

- ", detailed aralysis of the spacecraft ACS problem is beyond the scope of this study. '

‘However, effort will be made to keep the operating frequency as low as possible
if it does not compromise channel capacity in order that the spacecraft ACS mass
is minimized. ‘ '
2.5 RESULTS
. The preceding discussion describes the tradeoffs whereby specific
.subsystem hardware and characteristics were selected in order to achieve com-
patibility with each other and to minimize overall mass and to maximize receive
channel capacity. The major DSMCS system parameters, including the operating
frequency, satellite altitude, satellite weight and booster type, are selected

here &s a function of the mission of the spacecraft to be tracked.

5.3.1 FREQUENCY

The study frequency range is 2 to 100 gigahertz. The components
which affect the operating I{requency selection arc the spacecr aft transmitter
and antenna, the DSMCS antenna and receiver, and the frequency stability of the
-source oscillator and that of the detection oscillator. In the case of both the

satellite and the spacecraft antenna, the reflector surface is assumed to be
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_sufficiently smooth that the antenna is not gain limited over the frequency
"range of interest. The relatively small size of the spacecraft antenna indi-
cates that ‘the antenna would be gain limited beyond lOO gigahertz if a solid

dish is used. The solid satellite antenna is just short of the gain limit for

~ the standard Saturn shroud diameter (6.1 meters) . This 1s also true for the
"satellite petal antenna if manufacturlng technology is extrapolated into the ‘i"’

»11970 Se An area limited antenna at both terminals produces a communication

. link channel capacity Wthh is proportlonal to the frequency squared. Thus,

_ an apparent advantage of 3L dec1bels occurs between a 2 gigahertz and a 100

",°gigahertz system. Other factors reduce this advantage due to the general de-

‘erease in effectiveness of equipment as the operating wavelength becomes small f

;ffcompared to the components

A survey of the candldate spacecraft transmitters in this frequency

~¥range available for the 1975 era indicate that the frequency dependence is such ‘
that the transmitter conversion efficlency is four decibels poorer at 100 giga-' S

hertz than at 2 gigahertz. The satellite system noise temperature is expected
to range from 250K to hOoK for the 2 to 100 gigahertz range. This reflects in
a system noise temperature increase of two decibels. The channel capacity loss

~ induced by receiver and transmitter frequency sensitivity over the range is six
decibels. When compared with the 34 decibel advantage which occurs from the
higher antenna gain at 100 gigahertz, it is clear that a 100 gigahertz system |
provides the maximum channel capacity There are, however, two other equipments
fwhich must be considered, oscillator stebility and both the satellite and space-
craft attitude control system The satellite ACS for the 100 gigahertz system '
is of reasonable size except for the extreme case of very large solar panels.
The uwltra stable platform with a 100 gigahertz system provides the low angular »
;tracking error needed for future deep space missions. Little can be said about
the spacecraft ACS, since the size of the system is strongly related to the yet-
‘to-be-designed spacecraft. The ACS system will definitely require an improve-

"ment in the present state-of-the-art of spacecraft attitude control system.
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‘ Local oscillator phase noise of a phaser lock loop system for a
“’?given oscillator stability is directly proportional to the operatlng frequency
::and inversely proportional to the phase lock loop bandwidth. The phase lock '
1loop bandwidth is usually made suff1c1ently narrow in order to keep the receive

"3carrier above the threshold and broad enough to prevent the phase noise of thev

7, local oscillator from becoming apprec1able compared to the 1nput noise. Pre-

5isent oscillators which are controlled by atomic standards for long term stability o
_produce short term Phase n01se of .075 radians rms in a ten hertz rf bandwidth
at 10 gigahertz. By extrapolating oscillator stability trends from: 1958 to 1966
Ca similar phase noise should be exhlbited in 1975 for a 100 gigahertz system in

7; a ten-hertz bandwldth. The long-term stability offered by the atomic standard

itself 1s excellent. The phase noise which is usually kept an order of magnitude

"f.‘below that due to. thermal noise is indiiced by the source transmitter oscillator

as well as the receiver oscillator. Since it is not practical to close the DSMCS

' :ﬂspacecraft loop in real time from DSMCS, the burden of achieving both long-term

 and" short-term stability falls on the spacecraft oscillator. DSMCS will, of
course, incorporate such an oscillator. Thus, a 100 gigahertz carrier may be
implemented in a deep space channel, but it does require a relatively sophisti-

cated oscillator at the spacecraft.

Recent research,in detection theory, indicates that a substantially
‘lower spacecraft transmitter power will be necessary for a one-way communication
‘ channel’compared to a two-way closed loop channel due to the reduction in detec-
.ation effic1ency at the earth terminal receiver caused by the noisy carrier at
ithe spacecraft in the two-way system. It is shown further that when the modu-
"lation index (portion of total power in the carrier) is selected for minimum
" bit error rate, the noise on the carrier derived from the earth to spacecraft
link causes an irreducible error on the spacecraft to earth link. This may be
remedied by employing a clean stable oscillator at the spacecraft or raising the
command power. The necessary increase in command power is a function of many
loop parameters. For a typical two-way system where the spacecraft to.earth
: ;channel bit error rate is lO"3 the carrier to 1ldop noise at the spacecraft must

. be greater than 16 decibels.
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‘ In summary, the preferred operating frequency is 100 glgahertz. The
preferred frequency is relatlvely independent of the Spacecraft mission. Design |
spec1f1cat10ns, partlcularly in the spacecraft area, must be upgraded to accommo-~
‘date the hlgher frequency; however, such an upgradlng is cons1dered w1th1n the

extrapolated state of - the-art

5.3.2 " ArTTODE

. The total satellite mass available as a function of the altitude is
1shown in Flgure 5. 5 .2-1 and 5. 3.2-2 for a Saturn IB booster. Both eastern test ‘
";'range and western test range launch sites are shown, although there is at present

;_no Saturn IB launch capablllty at the western test range. Such a capability could, ;

3g‘of course, be achieved 1f cost justlfled it. The abscissa marks indicate the

:llimlnlmum altltude at whlch a DSMCS orbit may be inclined to produce continuous

l ftbline-of 31ght tracking to the spacecraft mission indicated. The payload is com-

Apared to the booster capabillty in the two figures for the profile B and E, 51nce

these proflles represent the extremes of the range of electrical power required.

» The Mercury spacecraft mission examined entails an altitude of 8&2»
kilometers for continuous line-of-sight tracking.and 115-day mission duration.
The relatively short mission duration suggests the use of a Dewar for the cryo-
genlc system if six kilowatts are requlred to provide the equivalent cooling.

- A more efficient closed loop system using only three kilowatts would weigh lessl
‘From Figures 5.3.2-1 and 5.3.2-2 the minimum mass satellite utilizes a solar
cell power system for both profiles considered. The allowable satellite mass

and altitude combination for DSMCS tracking the Mercury spacecraft is bounded
on the left by a vertical line at the abscissa altitude mark, on the top by the
booster capability lines for the respective test ranges and below by the sate-
llite mass plots. The larger operating region for profile E reflects the lower
power subsystem weight and its consequences as reflected on other subsystem '
weights.'.lf the operating DSMCS altitude for the Mercury mission remains at
thevmiuimwn allitlude, the addilional payivad may be absoOrbed by sclience iln-
strumentation which could effectively exploit the ultrastable platform or the
additional mass may be invested in more reliable equipments. Additional mar-

' gins such as attitude control system fuel or solar panel area could
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quickly absorb the extra payload capabllity. If instead of operating at the »

minimum altitude the satellite ' is raised into the lower radiation helt,‘the RTG
configuratlon weighs less than the solar panel. A completely redundant DSMCS h

is possible at the minimum altitude with both profiles. Further examination of

- launch windows ana necessary longitude of ascending mode may indicate that a pair
of DSMCS may be launched with a single Saturn booster in such a fashion that o

two different spacecraft m1SS1ons with different regression rates may be tracked. R

. Additional payload surplus may be invested in an orbit maneuver system. The
noise temperature of Mercury is quite low so that at encounter the system noise
- contribution by the planet is small. However, the sun is expected to degrade
'rperformance because of its high noise temperature midway through the tracking v
‘mission. The relatively higher gain afforded by the DSMCS antenna will reduce,

" the effect of the sun on the communication link.

, o The Mars mlssion duratlon of 1.23 years and minimum operating alti—
tude of l ll6 kilometers suggests either that an RTG or a solar cell powered sa-
tellite may be used with the Saturn booster. The planet system noise temperature
contribution is below one degree Kelvin at encounter and therefore is of no con-
sequence to the total system noise temperature. Occultation of the spacecraft by
~ the sun will occur near the end of the return voyage. The effects of the sun
will again be reduced because of the relatively high gain of the DSMCS antenna.
The satellite altitude and payload margin area in this case is smaller than the
Mercury mission because the minimum altitude is greater and the‘mission duration
is significantly larger. A redundant DSMCS may still be implemented for the E

profile particularly with a western test range launch.

Three Jupiter missions were reviewed. AA slow transit mission in
1978 and two fast transits in 1973 and 1978. The noise temperature contribution
of Jupiter at encounter in all three'cases was approximately l2°C because the
range was near six A.U. in each case. The two fast missions, 1.86 years, indi-
cate that the RIG system is preferred for the B profile and either power systems
may be used for the E profile with the Saturn booster. The slow mission length
" of 2.9 years precludes solar cell power systems for either profile. A payload
margin of 20 percent remains for the eastern test range even for the B profile.
The long mission length presents very serious reliability problems for all the

subsystems utilized.
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The Titan booster capabllities and payload similar to Figure 5 3.2~ l‘
,;p<.and 5.3.,2-2 are shown in Figures 5.3.2-3 and 5 3.2-h, A 6 l meter (20 feet) dia-.
"l;fmeter petal antenna is configured in the B profile plot and a 9.1 meter (30 feet)
‘;diameter petal antenna in the E proflle.‘ The petal antenna although less effl-
ﬁfcient in galn available per antenna mass was selected in order to provide antenna
'L*fgain comparable to the Saturn configuration , within the narrow Titan shroud. Thern
lﬁipetal structure would unfold after ach1ev1ng orbit. The largest circular Tltan‘ T
":ﬁ;solid antenna diameter is 75 percent of that possible in the Saturn shroud and

thus prOVides at least 2 5 dec1bels less gain.

. : , The profile B Titan configuration was restricted to a 6 l meter 'I
'T(2O foot) diameter petal in order to keep the satellite weight within the avail-

»}uu;able payload for ETR. Profile B solar panels were not con51dered practical with

A ‘large petal antenna primarily on the basis of packaging difficultles. From
,j:“ijigure 5 3.2-4 it 1s clear that the profile B configuration can be accommodated
" for the Mercury and 1978 fast JuPlter missions by a Titan launched from ETR |
itand for all missions launched from WTR ~ The maximum channel capac1ty for all

6.1 meter (20 foot) diameter petal antenna configurations will be 1.5 decibels
below the single solid paraboloid on the Saturn. ' -

The channel capacity of the E profile systemiincorporating the
9.1 meter {30 foot) petal paraboloid will be the same as the Saturn shroud
limited paraboloid The lowest operating frequency at gain limit would be near
60 gigahertz The lower frequency is preferred in order to minimize Spacecraft
“‘requirements such as ACS pointing accuracy. From Figure 5.3.2-4 it is clear that
all missions may be carried by the Titan from ETR except the 2.9 year Jupiter
mission and that a WIR launch could fulfill this mission. -

'5.3.5  CHANNEL CAPACITY
The channel capacity of any deep space communication link is a
" function of a number of qualifiers, some of which are peculiar to the space-
craft mission and some of which are purely judgment. TIn order to make an
effective comparison between a space communication link using DSMCS and the
present earth-bound terminals, a common reference spacecraft must be selected.

It is‘preferred that this spacecraft exhibit the general characteristics of
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,future spacecraft design, such as three axis stablllzatlon, and also that suffl-;
4.cient fllght experlence has been acquired w1th it so that the design approach

{7is verlfled The Marlner Iv spacecraft meets these criteria and was used as

" the reference The s1gnal design, of course, varied from one mission to the

"%,f.next but the error probabilities and the threshold levels were comparable and

L }thus the requlred power levels were also comparable

The relatlve performance of a communlcatlon llnk from a spacecraft

'in'deep space to either an earth-bound or an earth-orbiting terminal is shownv

t“ {,in‘Figure 5.3.3-1. 'Included in the figure is the 85—foot-diameter and 210-foot-
7 :5jdiameter deep space netﬁork station operating at 2.3 gigahertz. The recently-
‘»Iglbuilt 210 foot dish is gain limited at 3.7 glgahertz. Beyond 3.7 glgahertz,

1fithe galn of the present 210 foot antenna decreases as the 1nverse fourth power

,‘hiiof frequency By 1mprovements in the antenna reflector surface technology, a

. yﬂﬂf7gain limit antenna near lO glgahertz is antlcipated The reflector system per-

‘r_formance at that frequency is also shown. The atmosphere model used in order
to calcnlate the system noise temperature was 1.25 cm per hour rain and a ten
_:degree elevation angle.' This model is necessary to avoid the weather blocking
out transmissions. Above ten glgahertz, the system noise temperature is in-
creased by the ground radiation energy scattered by the rain. Also, the inser-
tion loss becomes appreciable above four gigahertz as shown in Figure 5.3.3-2.
- System performance therefore deteriorates rapidly above ten gigahertz as evi-
- denced by the 15 gigahertszoint in the figure for the 210-foot-diameter, ten

'glgahertz gain limited antenna

' DSMCS performance for the solid antenna Saturn booster configura-
tion is shown in Figure 5.3.3-1 at the frequency where it is greatest, 100 giga-
hertz. The DSMCS point includes a four decibel penalty for transmitter conver-
sion efficiency loss relative to that at lower frequencies. The additional - -
ordinate scales show the bit rate for a link between the terminals near the
'earth and a Mariner IV spacecraft at encounter with the terminals indicated.

. The Mars ordinate scale represents the Mariner IV 1965 capability at encounter.
The planned 30-day-stay Mars mission bit rate is only .8 decibels higher. The
'MErcury bit capability at encounter is scaled next. The last ordinate scale

- describes the 1978 slow Jupiter mission capacity at encounter. The 1978 fast

SGC 920FR-1 ‘ ’
Volume II : Page 35




- mission is .12 db bits per second lower and. the 1973 fast mission is AUk decibels

- higher. All these rates could, of course, be increased by spacecraft improve-

f‘}ments such as increasing the transmitter powex “above ten watts., The Titan .i
,ii'boosted DSMCS point is 1dent1cal to the Saturn boosted DSMCS for the 9.1 meter
itﬁfb(30 foot) petal antenna and 1. 5 decibels lower for the 6. 1 meter (20 foot) petal |

s antenna. ' o ._ S f,*;

PR

Study constraints restricted the frequency range from 2 to 100
gigahertz Table 5.3.3-1 presents a comparison of present communications and

7. DSMCS communication capabilities from spacecraft. The intent of the study was

".v'not to dwell on spacecraft improvements but the table presents obvious communi- '

 cation channel capacity 1mprovement using 100 gigahertz hardware on spacecraft

MThe table illustrates more than a factor of 10 improvement in channel capacity

: 5ff by increasing frequency from S-band to lOO GHz for similar spacecraft equipment.

.a,;i Or for a 7.9 x 106 data rate, the S-band spacecraft example would require a

tﬂ;transmitter output increase from 100 watts to lOOO watts )

5.3.4 OPTL'ICAL COMMUNICATIONS

. Opinions comparing microwave and opticai space communications
vary widely. Microwave technologies are on firm ground having proven hardware.
Optical communication using lasers represents an exciting research field, how-
" ever, it remains in the laboratory. Laser researchers working in the field of
.'communications’have varying opinions as to the predictable capabilities of laser.
One opinion (Reference 1) states that a 1 meter aperture in space and a 10 meter
aperture on the ground could provide a bandwidth of over 1 MHz with a 30db
signal-to—noise ratio at 1 A.U. This system was proposed to weigh between 450
. kg and 675 kg. The power input requirement was suggested as a modest 200 watts.
~ This system would provide a bandw1dth of 50 Miz at 30 db SNR uSing a typical
- modulation scheme at a range of 0.4 x lO6 km. '

Another reference states that lasers open a new regime of spectral

enaragv ﬂpnc'\‘f'v and +that
1 ehergy denglt ang that

lasers "must surely have a good future in scientific research.” (Reference 2)
- The statement continues and notes radio-frequency systems are better than optical

.systems for earth-spacecraft-earth-communications.
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Optlcal communlcatlon w1ll not cOmpete successfulLy w1th micro-

. wave systems for space appllcatlons until serious problems on the spacecraft

" are solved. Lasers are extremely narrow beam devices. Ultimate beamwidths

r~of one second of arc or less are typlcal values, even when cons1der1ng advanced ‘

'-techniques such as narrow band, high gain, noise free amplifiers and frequencyAv'
" modulation. 'The narrow beam is sensitive to optical aberation, propagation -

time, and refraction effect vhich componnd the spacecraft beam pointing prob;

lem and the attitude control requirements. - S

. " A fair evaluation of microwave anddopfical‘communications‘nou1d>

rf reduire investigation of the sensitivityrof spacecraft disciplines to‘opfical

, communication system-requirementSQ' A comparison on the ba51s of bits/sec/kg

Vi’would be approprlate Uhcertaintykin laser technology prohiblts this type of

comparison. From a counsensus of opinions, it is agreed that microwave techni-

f,ques will perform deep space communications in the 1mmed1ate and perhaps distant
future. There is ‘however room for improvement in the microwave reglon as the

- intent of this study has shown.
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6.0 ~ EXAMPLE SATELLITE CONCEPTUAL DESIGNS

) Nine satellite conceptual designs were investigated considering

various combinations of technologies discussed in Appendix Volume IIX, The

’rhxdesigns were configured using shroud, power supply, and antenna options to ‘
»ffprovide a spectrum of representative conceptnal designs. In onier to assist the
;ﬂ_ bookkeeping of the design options 1n the various satellite configurations, a

"'descriptive nomenclature system was established to point out the primary sys-

tems associated with each configuration. The nomenclature used follows:
EXAMPLE R S T
. 18 - 6 .- 17 - 1la

B S S S

Power Sz;tem
© N Muclear
<=8 solar
| 7f.Power Profile
- A through H
..Lifetime
_ " Years
Launch Vehicle Shroud
"Saturn IB S
Titan IIIC (short) T
Titan IIIC (long) T

Antenna Aperture Diameter \\:

.cb ~ Meters : Vs

4Antenna Surface Tolerance Factor\\‘

_ Dlameter/rms D/o .
Configuration Number and Alternate Letter \1

The nine configurations discussed have the following design 0ptions:
NB 1S8-6-109-1 | | ' ' '
NB 1Ty-k-105-1a

1 8§ -6-107-2

1 T5-10-10%-3 .
1 5°10-10%-3a e
1 1p-13-10%3p

1 S-6-109-4

1 Tg-10-10%-la

NE 1 Tp-4-10°-5

uy 555 8
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PR The conflgurations w1ll be discussed in order. _Of the nine,
.four are preferred they are Numbers: 1, 2 3a and ba. In Order to compare
'7'nuclear and solar powered configurations, one year lifetimes were used for all
o the_conflguratlons at orbital altitudes of 1620 km.

61 - CONFIGURATION NE1S-6- 105-1
“ A line drawing of the first configuration (NB1S- 6- lO5 ) is

- shown in Figure 6.1-1 and an isometric of the configuration is presented in

.i'FigureA6.l-2. This is one of the four preferred configurations and it is

.“l;: packaged in the Saturn IB shroud. The power supply consists of three radio-

;-:isot0pe thermoelectric generators (RTG's). Total RTG electrical output to support
:'the B proflle is 13.2 kW. This profile provides 7.5 kWe minimum full time power

4.i,with 37.5 kWe avallable for transmittlng 5 minutes per hour. Power loads con-

“{ie“sist of 30 kwe transmitter input 6 kWe maser refrigeration and 1. 5 kWe for <

‘1housekeeping. In order to package the largest diameter antenna p0551ble, the

RTG's were placed on top of the satellite, a somewhat awkward position for
properly supporting their mass during launch.

" Communications is based on equipment operating at 100 GHz and a

5

' 501id, single piece & meter diameter antenna with a D/o value of 10” and a
deplOyable hyperbolic sub-reflector and secondary antenna. A closed loop cryo-
genically cooled maser amplifier is used for receiving and the high power
transmitter for command required 10 kW radiated power. Cryogenically cooled

‘masers are con51dered on all the configurations w1th a B power profile.

‘ The attitude control system utilizes mercury flywheels and

. nitrogen gas Jjets as noted in earlier sections of this volume. Equipment
thermal loads were assumed conducted to the RTG area and radiated to space.
No weight has‘been allocated for thermal control in any of the nuclear power

configurations because of this assumption. Equipment radiation and particle

the major subsystems for this configuration follows:

SGC 920FR-1 . | |
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.- ... Power Supply

}RTG.S' B R _3oodjkgf"' -
L Batte:y | o . S 6 xe B

4 other .35k

3100 kg

.- . Communications

"“Anﬁenhafﬁ_il o 33';,» ‘ fi-,,loooikg'

- "bfi.Tfaﬁsmiﬁter _  o - v'ﬁ'ﬂ:';f’90 kg :
..:.:% ' Refrigeration and other . 135 kg .
’ + . components o e

1295 kg

Attitude Control 270 kg

Structure and Radiation Shielding - 510 kg

- Total . 5175 ke

62 CONFIGURATION NBIT,-}4-10”-1a

. Rearrangement of the previous configuration for theATitan was in-
~#éstigated resulting in configuration NBlTL-h—lO5-la. The long Titan shroud was
required for equipment packaging because the short shroud did not provide ade-
quaté volume. The smaller diameter Titan shroud, however, reduced the antenna
diameter to 4 meters as shown iu Figure §.2-1.  The long s
did not provide the option as did the Saturn shroud to arrange the power supply

~and antenna to maximize antenna diameter. The smaller diameter antenna was

SGC 920FR-1 ,
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6.3 - CONFIGURATION SBIS—6-lO5-2

. located at the top of the satellite and the RTG's were placed at the bottom

x 'ﬁhere they are more'easily supported during launch than in the previous‘con— :

figuration. The - reduction in antenna weight however, was offset by 1ncreased

3 - attltude control system weight required because of the increased moments of
| inertia imbalances in the elongated configuration. The total weight of this

E configuration is therefore 51milar to the prev1ous configuratlon. _

: -

This is the second preferred configuration and 1t combines an

_.jf‘;inflatable solar panel system for profile B with a 6 meter diameter antenna
"5.j;_packaged in the Saturn- IB shroud. Conventional solar panels sized for the

;ﬂ“i;B proflle required excessive attitude control system weight because of the
o extreme moments of inertia imbalances due to long solar panels. Inflatable
:J:solar panels, packaged on the tOp of the satellite as shown in Figure 6. 3= -1,

_ fwere emplOyed to reduce the moments of,inertia. This was accomplished by

- taking advantage of the lighter weight‘inflatable panels’and their capability

of being expanded into a convenient configuration; The panel configuration
used to minimize moments is shown in Figure 6.3-2 as a square deployed array.
A mass was required on a boom to maintain spherical balance. The mass con-

sisting of a battery located on a boom is shown in the figure perpendicular

to the plane of the deployed solar panel. In order to maintain spherical

‘balance, the boom and counterbalance mass rotate with the solar panel as it

rotates to track the sun. Inflatable solar panel weights were assigned a

_conservative number of approximately 5 kg/mg. A weight summary of this con-

. Tiguration follows:

Power Supply

Inflatable Solar Panels ’ p 1760 kg

Battery o o 410 kg
Other Components - 20 kg
L 2220 kg

SGC 920FR-1
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Communications

- Antenna‘ - L - v_ ) _ 'lOOC kg i
.Maser o R ‘; S ”.;"70 kg
: Transmitter . . - 90ke
_ Refrigeration and other 135 kg
o +7 ... components B - -
ST T oL 1295 ke
.. Attitude Control © o 1500 ke

‘_lEnvironment Control

- Equipment Radlator ... hoo kg |
' igtw;fStructure and - Radlatlon Shleldlng . - 600 kg
3 k *«;.Total o . BN . 6015 kg
SRR S CONFIGURATION NBlTS-lo 101‘-5

‘ fSThe short Titan shroud whlch is O. 6 meter larger in dlameter:
than the long shroud was con51dered in this conflguratlon In order to in-
crease antenna diameter significantly beyond the L meter diameter noted in
the long Titan shroud configuration, NBlTL-h-lO5—1a, a petal antenna deploy-
ing to a 10 meter diameter was considered. The stowed configuration of the
antenna and location of the other major components are shown in Figure 6 h-1,

This dlameter shroud does not allow a high one piece center portion

vdlameter to total dlameter ratio, conducive to optimizing antenna galns.'

Reduced manufacturlng and deployment tolerances of this diameter petal an-

tenna when compared to one piece antenna tolerances of diameter as small as b

meters results in approximately the same gain figure at 100 GHz. This con~-

figuration is representative of short Titan shroud configurations but is not

- a preferred configuration.

6.5 CONFIGURATION NBlS-lO—th-ﬁa

The study has pointed out gain limitati

of petal antennas when compared to one piece antennas. The ratio of the one

B piece center_portion or hub diameter to total diameter for petal antennas

should not be overlocked, however, when comparing large diameter petal antennas

with significant diameter hubs to smaller diameter one plece antennas. This

SGC 920FR-1
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point is expiored.in the third preferred configuration by using the large diam-
" eter Safurﬁ-IB shrdud and a 10 meter diameter petal antenna with a‘lérge hub

| diameter as shown in Fiéure 6.5-1. The deployedvconfiguration is noted in |

K Figure 6.5—2._ Significant'impr0vement in petal antenna perfofmancé'is avéil-
';f_ able in this configuration due to the relatively large hub dlameter. A weight
Af"ksummary of the configuraxion follows. ' SR R

' Power Supply -

5 RIG's - 3000 ke

Loomettery 0o ke
.ffﬂfofhef_ﬁﬂ el 35 kg
e e
C:ff‘?ni ' - Communications _>
R .fAntenna" 1  f:‘i»}; {‘;"i _;‘3000 kg
' , “Maser E ?S ﬁ"?7:f; 5 3_‘“ 7; 70 kg’"”i
" frensmitter N -~ . 90 kg
Refrigeration and other 135 kg
Components _—
- R 3295 kg
Attitude Control - L 300 kg
~ Structure and Radiation Shielding 900 kg
. Total - . T59%5 ke
66 ,.,’ . L . . v : . -h
. CONFIGURATION NBlTL—IB—lO =-3b

This configuration is found in Figure 6.6-1 and the long Titan

~ . shroud was used to package a shroud limited petal antenna, The maximum petal

: antenna diameter available in this shroud was 13 meters with other equipment
, packaged“és shown in the figure. This configuration was an exercise in pack-
aging ﬁetal antennas in long shrouds. The low ratio of the center hub diam-
eler to total antenna diameter does not optimize antenna gain and the remainder

of the configuration is similar to configurations previously discussed.
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6T . | CONFIGURATION SELS-6-107-1

, Power proflle B did not permit use of conventional solar panels
"fbprimarily because of excessive attitude control system weight requirements

fassociated with moments of inertia of the long panels.

JERSEIREREY A primary power load influencing the area of the solar panel
;was the continuous 6 kwe load in profile B for maser refrigeratlon. Reduction
in this continuous load dramatically reduced solar panel area requirements

f and permitted the use of conventional solar panels. This configuration took

‘ ”Q advantage of a reductlon in this load as found in power profile E, where only 1

"1kae was a531gned for partial refrlgeratlon of a parametric amplifler rather'

”*nzthan complete refrigeration of a maser. ©Solar panel progected area was re-

2

7ulduced from 360 m to 170 m~. This still resulted in large attitude control

e ¢fsystem weights but not excessive as would have been the case with power profile

-f;i‘B and conventional solar panels.

' ‘ The conflguration shown in Figure 6.7-1 is packaged in the
Saturn-IB shroud with the maximum diameter one piece antenna of 6 meters.
Configuration SBlS-6-lO5-2,notedjin Section 6.3, required one boom and counter
weight designed to follow perpendicular to the inflatable solar panel to main-
tain spherical balance. This configuration required two stationary booms and
_counter weights to maintain spherical balance. | |

6.8 CONFIGURATION SElTS-lO-lOu-ha

This is the fourth preferred configuration. It takes advantage
of the attitude control system weight savings of power profile E. The short
Tital shroud is used for packaging a 10 meter diameter petal antenna. The
', relationships of the major components are shown in Figure 6.8-1. Figure 6.8-2
illustrates the deployed solar panels and the two stationary booms and

counter weights in an isometric view. A summary of the weights follows:

Power Supply

Solar Panels 1240 kg
Battery _ 200 kg
Other Components ' 25 kg

1465 kg

SGC 920FR-1 .
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Communications

- Antenna o ;f‘_i* m’;fgsoo kg'

Parametric Amplifier A ' S 25_k8 -
Transmitter B © .90 kg
Refrigeration and other 100 kgfi;'”f
N ComPOnents ‘ T —
- e 5015 ke
Attitude Comtrol 1950 kg

. Environment Control

Equipment Radiator S s ;hQO'ké,
vilfw} Structure and Radiation Shieldlng . 1025 kg
: " Total v" R .7_g:f ,'7855 kg"

"'This total weight averages 1500 kg in excess of Titan IIIC ETR

- payload capability for the missions studied Launches from WIR would provide

adequate payload for all missions except for the Mercury flyby.

6.9 NELT, -4-107-5

The SNAP-10B power supply could offer considerable capability in

the mid 70's. The large volume of the SNAP-10B's however did not permit their .

, use in the selected shrouds for the B power profile. The long Titan shroud and

power profile E would permit packaging four SNAP-10B's as shown in Figure 6.9-1.
The four power units would.be hinged at the equipment compartmentband deployed
away from their clustered position shown in the figure after orbit injection.
The configuration considered a L meter diameter solid antenna with a flxed

hyperbolic sub-reflector.
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7.0 L : FEASIBILITY CAPABILITIES AND TECHNOLOGICAL PROBLEM AREAS

. The study results have p01nted out that the DSMCS concept would
be feas1ble in the 1975 1985 period only if major technologlcal areas are devel-

"~ oped to a degree well beyond the present state of their art. The llst of tech-
o nological problem areas found later in this section attests to this. Establlsh-
ing the ab0ve degree of technical feasiblllty was performed however, without

;cons1deratlon to develoPment cost or cost effectiveness.

The DSMCS operating at 100 gigahertz would provide over 6 db of

) improvement for rece1V1ng data from deep space spacecraft compared to present
" S-band earth based systems. In addition, the DSMCS would provide continuous |
'Iv”monltorlng of spacecraft without antenna sw1tch1ng, requlre only one spacecraft

b*ff‘acqu1s1tlon and reduce ground network complex1ty ‘Use of frequencies above S-
fband permlts higher antenna gains both on the satellite and ‘spacecraft with

" present antenna technology Orbitlng a DSMCS for each spacecraft m1551on would

relieve ground statlon loadlng A more flex1ble.and less costly operatlng pro-d

cedure could take advantage of manned assistance on the DSMCS for time sharing

- the receiver and monitoring many spacecraft.

Engineering and technology problems have been discussed through-

out the study. Engineering problems have been defined as problems requiring

extension to or improvement of known state of the  art. Two examples of engi-

neering problems are given for example. Stellar sensors required for the atti-

- tude contrel system were found not to have reliability in keeping with the >3-

. year maximum DSMCS lifetime. The engineering solution proposed either improve-

ment in stellar sensor reliability or redundant units or a combination of both.
ThisOis a proposed engineering solntion as compared to a technological solu-
tion requiring breakthroughs in stellar sensor technology. A second engineering
example concerns erection and operation tolerance of the antenna feed. This

problem does not necessarily require a technological advance but rather an ex-

ploitation of high accuracy structural erection engineering procedures.

The many engineering problems discovered during the study
were handled in the above manner. There were problems, however, that fell
beyond the definition of engineering and required substantial development

or research in their respective technologies. These areas are listed below as
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technologlcal problem areas that require 1esearch and solution before the
- pSMCsS concept w1ll be fully implemented '

SGC 920FR-1
Volume IT

Technologlcal Problem Areas

::fRadiation re31stant solar cells

- 100 GHz cryogenic amplifiers ,

°

' Closed loop cryogenic coolers

100 GHz efficient transmitters

Surface characteristics and deployment tolerances of

f‘spaceborne antennas larger than 6 meters dlameter
,(Saturn-IB solid dish shroud limlt) -

'1'RTG unit power levels

A;"7Increase SNAP-10A output/weight to proposed SNAP-lOB
i capabllltles

Sy

t'Lightwelght 1nflatable solar panels

Engineering Problem Areas

DSMCS and opacecralt attitude control, recelver, oscillator
and transmitter improvements
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8'0, | LOGISTICS, SCIENCE AND MANNED APPLICATIONS SUMMARY

8.1 ESTIMATE OF SPACECRAFT TRAFFIC VS CALENDAR DATES

There are numerous mission time tables available that provide tentative

lfflight schedules during the period of interest of DSMCS. Unmanned missions that
- could be supported by DSMCS are presented in Table 8.1-1 through 1980. Manned
‘,'_planetary missions are also capable of being supported by DSMCS. Their flight

schedule however, is more difficult to predict. This study selected one typicél

'manned Mars launch opportunity in the early 1980's as an example for DSMCS in-
'fvestigations. "A manned Venus miSS1on was 1nvest1gated early 1n1he study but it

'\l;‘did not satisfy study ground rules and therefore was not persued in detail

SRR R-3 ,' RESUPPLY FOR SATELLITE LIFETIME EXTENSION

Power supply lifetime at DSMCS orbital altitudes were of primary con-

" cern in selecting appropriate systems. Radiation damage to solar cells limited

their utility to satellite configurations with only one yeer lifetime. Increase

in panel area to provide longer lifetimes increased attitude control fuel weight

requirements beyond practical limits. Solar panel systems therefore were not

competitive when compared to long lifetime RTG systems with reliability figures

projected to the period of DSMCS operations.  Resupply of degraded solar panels
could improve satellite utility by extending lifetime. Degraded panels would
be removed during satellite rendezvous with a manned vehicle and replaced with

new panels.

In addition to solar panel resupply, attitude control fuel resupply
could extend satellite lifetime. Satellite’configurations with solar panels
required large attitude control fuel supplies. These configurations would par-
ticularly benefit from fuel resupply and this capability would change the panel
design philosophy. Larger panels increasing satellite performance could be con-

sidered without limiting satellite lifetime.

SGC 920FR-1 . .
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8.3.1 RADTO ASTRONOMY

"'was continued at the Space Science Board's Weods Heole, Massachusctis

83 SATELLITE UTILITY -FOR SCIENCE INSTRUMENTATION

" Radio astronomy telescopes operating above the earth's atmosphere

offer greater capabilities than a comparable earth-bound system constrained by

fatmospheric windows. Adopting DSMCS to redio astronomy will open large portions

‘of the spectrum previously uravailable for study. Planetary and cosmic source

spectrum between 2 cm and 10 microns wavelength are obscured by atmospheric

absorption. Advances in predetection ampllfiers and detectors in the lower de-

: L*cade of this range have produced env1ronment limited radio astronomy systems
if'irather than detector limited systems even in the few windows in this range.
‘The smoothing enhancement gained by tracking with ground based antennas is in-':
. ‘validated by the variable atmospheric insertion loss. A radio astronomy system
'fy using DSMCS as a platform could not only be made much more sensitive than a

”17ground system but could monitor planetary or cosmic activities continuously.

Above the earth's atmosphere,tooler planets such as Jupiter and Saturn may be

'studied with greater sensitivity and in more detail. The detectability is in-

.creased not only by the increased radiometer sensitivity for a comparable earth

receiver but also by the fe povwer density relation of thermal bodies.

DEMCS orbits were selected to prov1de continuous tracking of

-planetary spacecraft. During the latter portion of the spacecraft trajectory,
" the DSMCS would also provide continuous monitoring of the target planet. Cos-

mic events could be monitored during the entire spacecraft transfer. The point-
ing accuracy and stability of the DSMCS would permit useful radio astronomy

experiments.

' 8.3.2  OPTICAL ASTRONOMY

. The Astronomy Working Group at the Iowa Summer Study Group 1962

1965. . Optical astronomy in space was defined to include all astronomical re-
search carried out with reflecting telescopes in space at wavelengths from 8@02
to 1 mm, excluding solar studies. The Working Group on Optical Astronomy con- 4

sidered the possibilities for studying stars, star systems, nebulae; and planets

- 8GC 920FR-1
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. from orbiting telescopes sensitive to electromagnetic radiation at wavelengths

i_between 800 A and 1 mm. The group made the follow1ng recommendations that are
”'related to DSMCS capabilities: - o l_‘“ﬁ : —

71. Two or more telescopes hav1ng apertures of hO inches or

fslarger should be included in the Apollo Extension Systems (AES) program.r The'
:TOrbiting Astronomical Observatory program should be continued until AES launch-
'1ings are definitely scheduled. ‘

12. Development of various detectors required in space telescopes

"'ﬂshould be supported by NASA

3; Development of improved gratings would be of central impora o

“jiltance in the space astronomy program

’ -h.' Development of optical interferometers should be pressed

";with probable initial operation on the ground.

‘5.' Research and development concerned with problems of space

telescope optics, especially with the primary mirror, should be supported by

NASA.

- The group also concluded that a space telescope of large diameter,

-with a resolution corresponding to an aperture of at least 120 inches, detect-

_ 5 _
- ing radiation between 800 A and 1 mm, is becoming technically feasible and will:

be uniquely important to the solution of the central astronomical problems of

our era. The group recommended that this telescope because of the long lead

<t1me and large cost be manned to assure reliability.

This recommendation infers that smaller telescopes using the

DSMCS as an unmanned platform could be useful to the scientific community. In

'addition, a DSMCS with the large 120 inch diameter aperture, coupled to a

manned module would provide a combined satellite reducing attitude control and

povwer requirements in the manned module.

SGC '920FR-1
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8.4 ) » MANNED SATELLITE APPLICATIONS

Unmanned DSMCS's prov1de a stable platform with high gain com-
. munications capablllty and with power levels capable of supporting manned '

 satellite requirements. Manned satellites with limited lifetimes coupled to

:':fj DSMCS's 1n'1dw altitude orbits.could extend lifetimes of the manned satellites

1;~and increase their operational scope. The manned operational scopes could be
" increased to perform communications relay functions and manned planetary space-
f_craft’return guidance assistance. Long duration orbital biological experiments
_‘could also be ferformed Earth‘environment experiments in addition to the radio

_gand optlcal astronomy experlments noted in the previous section could be crew

'IT operated on the DSMCS/manned module combined satelllte.

Solar power configured DSMCS's would require only minor rede51gn

A 1,(Tto accommodated docking and fuel line and power line connections. Nuclear

'power configured satellltes however, would require RTG shleldlna rede51zn tn

".'increase radiation protection due to the proximity of the manned module.

Future manned earth orbiter interests could use the DSMCS as a
building block to perform more sophisticated operations for extended periods
of time. Utilizing the DSMCS as a staging area introduces interesting applica-
‘tions. Removing the continuous line of sight between the DSMCS and the plane-
tary spacecraft constraint, permits exploitation of DSMCS.capabilities for
manned operations considering reduced radiation shielding and increased pay-
load capagilities. The DEMCS staging area could be used for power and communi-
’ cation assistance during rendezvous and assembly of manned modules. The assist-
ance would be applicable to large assembled manned earth orbiters or to modular
manned planetary'spacecraft. The DSMCS could provide logistics functions dur-

ing module assembly.
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